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 LV DQ HQYLURQPHQWDOO\ IULHQGO\ VHSDUDWLRQ WHFKQRORJ\ DV QR DGGLWLRQDO
FKHPLFDOVDUH UHTXLUHG LQFRQWUDVW WRHJH[WUDFWLRQDQGEHFDXVHRI LWV ORZHUHQHUJ\GHPDQG
FRPSDUHG WR WKHUPDO VHSDUDWLRQV OLNH GLVWLOODWLRQ )XUWKHUPRUH QDQRILOWUDWLRQ DOORZV IRU FORVHG
UHVRXUFHF\FOHV3RO\PHULFPHPEUDQHVDUHQRZDGD\VHVWDEOLVKHGLQ1)DSSOLFDWLRQV+RZHYHU
KLJK WHPSHUDWXUHV DJJUHVVLYH FKHPLFDO FRQGLWLRQV DQG DEUDVLYH LQJUHGLHQWV RIWHQ RFFXU DQG
H[FOXGH WKH DSSOLFDWLRQ RI SRO\PHULFPHPEUDQHV +HUH WKH XVH RI FHUDPLFPHPEUDQHVZLWK
WKHLUKLJKUHVLVWDQFHVZRXOGEHDGYDQWDJHRXV&HUDPLFPHPEUDQHVDUHVXFFHVVIXOO\HPSOR\HG
LQXOWUDDQGPLFURILOWUDWLRQ LQSDUWLFXODUDWKLJK WHPSHUDWXUHVH[WUHPHS+YDOXHV LQR[LGL]HUV
DQGZLWKKLJKVROLGFRQWHQW7KHDSSOLFDWLRQRIFHUDPLFPHPEUDQHVLQRUJDQLFVROYHQWVDOVRKDV
JUHDW SRWHQWLDO GXH WR WKH DGYDQWDJHV RI FHUDPLF PHPEUDQHV LQ FRPSDULVRQ ZLWK SRO\PHULF
PHPEUDQHV OLNH VROYHQW LQGHSHQGHQW VWDELOLW\ HDVLHU FOHDQDELOLW\ QR OHDFKLQJ QR FRPSDFWLRQ
DQGQRVZHOOLQJ
)RUDORQJWLPHDWWHPSWVWRSURGXFHFHUDPLF1)PHPEUDQHVZHUHQRWVXFFHVVIXO,QWKHSDVWD
ILUVWDSSURDFKZDVWRFUHDWHVPDOOHUSDUWLFOHVIRUWKHPHPEUDQHOD\HUZLWKLQWKHVROJHOSURFHVV
>@ +RZHYHU WKH SDUWLFOH VL]H LV SK\VLFDOO\ OLPLWHG DV WKH VPDOOHVW DFKLHYDEOH VXVSHQGHG
SDUWLFOHVL]H LVEHWZHHQDQGQP7KLV OHGWRPHPEUDQHSRUHVRIWRQPDQGPROHFXODU
ZHLJKWFXWRIIVEHWZHHQDQGJPRO
&RQVLGHUDEO\ VPDOOHU PHPEUDQH SRUHV a QP ZDV UHDFKHG ZLWK WKH SUHSDUDWLRQ RI 6L2
OD\HUV EXW WKHLU S+VWDELOLW\ ZDV OLPLWHG (YHQ WKH LQFRUSRUDWLRQ RI RWKHU R[LGHV FRXOG QRW
LPSURYHWKHVWDELOLW\RIWKHDPRUSKRXV6L2OD\HUVVLJQLILFDQWO\>@
7KRUDYDO XQG +RIIPDQQ >@ SURGXFHG =U2 PHPEUDQHV ZLWK D SRUH GLDPHWHU RI  QP E\
LQKLELWLQJWKHFRPSOHWHK\GURO\VLVRIWKHDOFRKRODWHVLQWKHSRO\PHULFVROJHOWHFKQRORJ\)RUWKH
ILUVWWLPH3XKOIUHWDO>@ZHUHDEOHWRSURGXFHUHSURGXFLEO\DVWDEOHPHPEUDQHZLWKDFXWRII
EHORZJPROEDVHGRQWKHSRO\PHULFVROJHOWHFKQRORJ\ZLWK7L2
+RZHYHU WKH DSSOLFDWLRQ RI FHUDPLF 1)PHPEUDQHV LQ RUJDQLF VROYHQWV VKRZV D SRRU
VHSDUDWLRQEHKDYLRUGXHWRWKHEDGZHWWDELOLW\RIWKHK\GURSKLOLFQDQRSRUHV7KHUHIRUHDWWHPSWV
ZHUHPDGH WRK\GURSKREL]H WKHPHPEUDQHVXUIDFHE\SRO\PHUFRDWLQJ >@DGGLWLRQRIVLOLFRQ
DOFRKRODWHV ZLWK IXQFWLRQDOL]HG DON\O JURXSV WR WKH VROJHO SURFHVV >@ RU E\ ERQGLQJ RI
RUJDQRPLQHUDO ]LUFRQLXP DQG WLWDQLXP FRPSRXQGV >@ 1RQH RI WKH PHPEUDQHV KDG
QDQRILOWUDWLRQSURSHUWLHV%\K\GURSKREL]DWLRQRIDQP=U2PHPEUDQHZLWKVLODQHVDFXWRII
RIJPROLQWROXHQHZDVDFKLHYHG>@DQGWKXVIRUWKHILUVWDFHUDPLF261PHPEUDQHZDV
FUHDWHG
+RZHYHU WRPDNH WKLV LQWHUHVWLQJ WHFKQRORJ\DFFHVVLEOH WR IXUWKHUEUDQFKHVRI LQGXVWULHVDQG
DSSOLFDWLRQV1)PHPEUDQHVZLWK ORZHU FXWRIIVKDYH WREH GHYHORSHG7KHUHIRUH WKH SURMHFW
³QDQRPHPEUDQH´ZDVLQLWLDOL]HGWRGHYHORSFHUDPLFPHPEUDQHVZLWKORZHUFXWRIIVIRUDTXHRXV
DQG QRQDTXHRXV DSSOLFDWLRQV )LJXUH  JLYHV DQ RYHUYLHZ RI WKH SURMHFW FRQVRUWLXP 7KH
FROODERUDWLRQ RI PHPEUDQH DQG PRGXOH PDQXIDFWXUHU DQG WKH GLIIHUHQW DSSOLFDWLRQ LQGXVWULHV
SURYLGHV D TXLFN WUDQVIHU RI WKH UHTXLUHPHQWV RI WKH PHPEUDQH SURSHUWLHV DQG D GLUHFW
RSWLPL]DWLRQ RI WKH PHPEUDQH IRU FHUWDLQ DSSOLFDWLRQV 7KH LQWHJUDWHG OLIH F\FOH DVVHVVPHQW
DOORZVIRUWKHHVWLPDWLRQRIWKHHFRORJLFEHQHILWRIWKHXVHRIWKHQHZO\GHYHORSHGPHPEUDQHLQ
WKHUHVSHFWLYHLQGXVWULHV
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)LJXUH&RQVRUWLXPRIWKHSURMHFW³QDQRPHPEUDQH´

7KHVFRSHRI³QDQRPHPEUDQH´LVWKHGHYHORSPHQWRIQHZS+VWDEOHFRPSRVLWHPHPEUDQHVRI
7L2&DQG=U2&ZLWKORZHUFXWRIIVDQGDQDSSOLFDELOLW\LQRUJDQLFVROYHQWV
)RU DTXHRXV DSSOLFDWLRQV D ILUVW PLOHVWRQH FRXOG DOUHDG\ EH DFKLHYHG D PHPEUDQH VDPSOH
VKRZHGDFXWRIIRIJPROXVLQJ3(*PDUNHUVLQODERUDWRU\H[SHULPHQWV8QIRUWXQDWHO\WKH
QHZO\GHYHORSHGVHSDUDWLRQOD\HUZDVQRWDSSOLFDEOH LQRUJDQLFVROYHQWV([SHULPHQWVLQ7+)
HWKDQRODQGQKHSWDQHVKRZHGDOPRVWQRUHMHFWLRQLQWKH1)UDQJH
)LUVW DWWHPSWV ZLWK IXUWKHU DGGLWLYHV LQ WKH VHOHFWLYH 1) OD\HU IRUPDWLRQ SURFHVV DOVR OHG WR
LPSURYHPHQWV LQ 261 VHSDUDWLRQV )LJXUH  LOOXVWUDWHV D ILUVW UHMHFWLRQ FXUYH PHDVXUHG ZLWK
SRO\VW\UHQHVWDQGDUGV LQ7+) UHVXOWLQJ LQDFXWRIIRI'D3HUPSRURPHWU\PHDVXUHPHQWV
LQGLFDWHWKDWIRU261LWLVFUXFLDOWRFRQWUROWKHDPRXQWDQGVL]HRIGHIHFWSRUHVLQWKHVHSDUDWLRQ
OD\HUPXFKPRUHHIIHFWLYHO\WKDQIRUDTXHRXVDSSOLFDWLRQVDVFKDUJHHIIHFWVSOD\DPLQRUUROHLQ
WKHVHSDUDWLRQDQGWKXVVFUHHQLQJHIIHFWVRQWKHPHPEUDQHVXUIDFHDUHPXFKOHVVSURQRXQFHG

)LJXUH5HMHFWLRQFXUYHRIWKHQHZPHPEUDQHGHWHUPLQHGZLWKSRO\VW\UHQHLQ7+)

$FNQRZOHGJHPHQWV
:HJUDWHIXOO\ DFNQRZOHGJH IXQGLQJ WKURXJK WKH UHVHDUFK JUDQW ; $. E\ WKH*HUPDQ
)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK
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